Abstract. The aim of the present study was to determine the association between Alzheimer's disease (AD) and microRNA-222 in the serum of patients with AD. The expression of microRNAs was detected and the results were verified using microarray analysis and reverse transcription-quantitative polymerase chain reaction. The results indicated that there were 35 strips of microRNA in the mild AD group, in which the difference of expression signal was >500 IU/ml. There were 26 strips of microRNA with a difference in expression signal of >500 IU/ml in the mild and moderate AD groups. The downregulation of microRNA-222 in the mild and moderate groups was statistically significant (P<0.01), and the expression of microRNA-222 in the moderate group was significantly lower, compared with that in the mild AD group (P<0.05). It was concluded that microRNA-222 may affect the occurrence and development of AD through a variety of mechanisms, and may serve as a biomarker for the early diagnosis of AD.
Introduction
Alzheimer's disease (AD) is a neurodegenerative disease, which is characterized by cognitive, language and memory disorders (1) . AD is the leading cause of dementia in the elderly (2) . The development and application of novel technology have enhanced investigations in proteomics. Matrix-assisted laser desorption ionization time of flight mass spectrometry (3), high performance liquid chromatography and inductively coupled plasma mass spectrometry (4), liquid chromatography ultraviolet spectrometry/mass spectrometry (5) and shotgun proteomics (6) are used for the separation, and qualitative and quantitative analyses of proteins, which together can contribute to the identification of novel biomarkers for AD; however, a single diagnostic method with high specificity and sensitivity remains to be elucidated.
MicroRNAs, with a length of ~22 nucleotides in eukaryotes, are involved in the post-transcriptional regulation of non-encoding small RNA molecules. The primary function of microRNAs is to regulate gene expression by inhibiting the translation of target mRNAs or promoting the degradation of mRNAs (7) , therefore, they are involved in cell cycle regulation and individual cycle development (8) . In the nervous system, microRNAs regulate nerve cell proliferation, differentiation and apoptosis at different developmental stages and in different regions under physiologic conditions, and microRNAs are important in the formation of human cognition and memory (9, 10) . Certain microRNAs are present in neurons in the form of polyribosome binding (11) , which shows tissue and stage specificity for growth and development of the brain. There is stable expression of microRNAs in serum (12) . This present study used Paraflo microfluidic chip technology for the detection of serum microRNAs in patients with AD and in healthy patients. Differences in microRNAs were detected using software, followed by reverse transcription-quantitative polymerase chain reaction analysis with fluorescence to verify the microRNA-222 results. The aim of the present study was to identify biomarkers for the early diagnosis of AD.
Patients and methods
Study subjects. Inpatients and outpatients who were initially diagnosed with AD between October 2012 and June 2015 were recruited for the present study and were divided into two groups according to the severity of AD. There were 30 patients with mild AD and 30 patients with moderate AD. In addition, 30 healthy patients who had normal activity, no The exclusion criteria for the present study were as follows: i) History of cerebral vascular disease; ii) traumatic brain injury; iii) toxic, metabolic or other brain disorders; iv) drug therapy prior to diagnosis; v) blood system disease; vi) dementia caused by vascular and other causes; and vii) no signed informed consent.
Diagnostic criteria. The diagnostic criteria for AD were based on the 2011 National Institute on Aging and the Alzheimer's Association (13) . The dementia rating was based on MMSE and the AD assessment scale (14) . The patients were divided according to the MMSE score into mild (15< MMSE ≤26) and moderate AD groups (10≤ MMSE ≤15). The criteria for dementia based on the MMSE score were as follows: Illiterate, ≤17; elementary, ≤20; middle school, ≤22; and university, ≤24.
Data collection. The sex, age, medical history (hypertension, diabetes and coronary heart disease), smoking history and alcohol consumption history, and the levels offibrin, homocysteine, C-reactive protein and lipids in the blood were recorded for all study subjects.
Sample collection. Venous blood samples were collected from the patients in the AD group prior to treatment. Venous blood samples were collected from patients in the normal group at the physical examination center of the Second People's Hospital of Lianyungang (Haizhou, China). The serum was extracted by centrifugation for 15 min at 14,000 x g and 4˚C from venous blood, and stored at -80˚C.
Total RNA extraction. The serum samples (100-200 µl) stored in low-temperature refrigeration were collected, placed on ice to gently melt, and mixed well. TRIzol LS (Beijing Sciencbio Biotechnology Co., Ltd., Beijing, China) at a volume 3 times that of the sample was added and fully mixed on an oscillator and maintained at room temperature for 5-15 min for denaturation. An equal volume of chloroform was added and mixed thoroughly on the oscillator, and then maintained at room temperature for 15 min. RNA was extracted by centrifugation for 15 min at 14,000 x g at 4˚C.
Microarray analysis. An equal quantity of RNA was extracted from each AD group. Following thorough mixing, RNA was extracted according to above mentioned method for microRNA microarray detection. The results were compared with those of the normal group and the differential expression of microRNAs was determined using Array-Pro software version 4.0 (Xingyuan Biotechnology Co., Ltd., Shanghai, China).
Reverse transcription (RT).
A Taqman microRNA reverse transcriptase kit (Applera Corporation, Norwalk, CT, USA) and microRNA-specific stem loop structure reverse transcription primer (Umibio Co., Ltd., Shanghai, China) were used for the microRNA RT reaction. The experiment was performed according to the manufacturer's protocol (Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, USA). Partial adjustment was made and the total reaction volume was 15 µl.
Quantitative polymerase chain reaction (qPCR) analysis.
The primer sequences were designed and U6 snRNA was set as the internal control. The primers were designed by adding 0.08 µl of upstream primer (20 µM), 0.08 µl of downstream primers (20 µM), 2 µl of cDNA template and water to 10 µl of 2X PCR Master mix (containing 2X Taq DNA polymerase (2.5 U/µl, 2X PCR buffer and 2X dNTP) to a total volume of 20 µl. The cycling program of the PCR reactions was one cycle probe duration, 40 cycles of duration at 95˚C for 15 sec, annealing at 58˚C for 20 sec, extension at 72˚C for 15 sec and one cycle of post-extension. qPCR analysis was used for the quantitative analysis of microRNA-222 for the 3 groups. The 2 -ΔΔCq method (15) was used to calculate the expression levels of microRNA. The procedure was repeated 3 times for each sample.
Statistical analysis. All data were analyzed using SPSS version 19.0 (IBM Corp., Armonk, NY, USA). The results are expressed as the mean ± standard deviation. Student's t-test was used for measurement of data, and the χ 2 test was used for enumeration of data. Multivariate regression analysis was also performed. P<0.05 was considered to indicate a statistically significant difference.
Results

General data.
Of the patients involved in the present study, there were 30 patients in the mild AD group (11 men and 19 women; average age, 63.3±11.5 years) and 30 patients in the moderate AD group (12 men and 18 women; average age, 64.5±9.7 years). An additional 30 patients were included in the normal group (13 men and 17 women; average age, 62.1±10.6 years). No significant differences were identified in sex, age or medical history among the three groups (P>0.05; Table I ).
Microarray detection. In the mild AD group, there were 35 sequences of microRNAs in which signal expression >500 IU/ml. The signal ratios of the differentially expressed microRNAs were clustered and divided into upregulation and downregulation groups. There were 27 strips in the upregulation group and 8 strips in the downregulation group (Fig. 1) . In the moderate AD group, there were 34 sequences of microRNAs with signal expression >500 IU/ml. Among the 34 sequences of microRNAs, 23 were upregulated and 11 were downregulated (Fig. 2 ). There were 26 sequences with differential signal expression >500 IU/ml in the mild and moderate groups, amongst which was microRNA-222. The expression of microRNA-222 was significantly decreased in the mild and moderate groups (P<0.05).
Results of RT-qPCR analysis of microRNA-222.
RT-qPCR analysis was used to detect the expression levels of microRNA-222. The expression of microRNA-222 in the mild group was significantly decreased, compared with that in the normal group (P<0.05), which was consistent with the results of the microarray detection. The expression of microRNA-222 in the moderate group was significantly lower, compared with that in the normal group (P<0.05), which was also consistent with the results of the microarray analysis. In addition, the expression of microRNA-222 in the moderate group was significantly lower, compared with that in the mild group (P<0.05).
Discussion
Previous studies have shown that microRNAs are closely associated with the occurrence and development of tumors, cardiovascular disease, diabetes, human genetic diseases and nervous system diseases (16) (17) (18) (19) . Certain microRNAs are also important in neurodegenerative diseases (20) , particularly in the occurrence and development of AD (21) . MicroRNAs have been shown to regulate amyloid precursor protein (APP) in cell experiments and affect the deposition of amyloid β (Aβ) (22, 23) . It has been shown that microRNAs have an effect on AD in a transgenic mouse model of AD (24) . Sohonrook et al (25) reported that certain microRNAs promote the production of Aβ, which can alter the expression of microRNAs and become an initiating factor in microRNA network imbalance. There is a complicated connection between microRNAs and Aβ, which cause mutual promotion and can have effects on each other in vivo, and has an effect on the occurrence and development of AD (25) . It has been demonstrated that microRNA-125b induces the hyperphosphorylation of tau protein (26) . The mechanism involves the target inhibition of phosphatase DUSP6, and the PPPl CA-induced phosphorylation of protein (26) . It has also been shown that miR-125b can cause damage in a combined experiment in mice (26) . Therefore, Investigations of microRNAs in patients with AD remain limited. In the present study, the serum levels of microRNAs in patients with AD and normal patients were detected using biological chip technology. The results showed that there were significant differences in microRNA expression levels. In the mild AD group, 35 strips were identified with a signal difference of >500 IU/ml, whereas in the moderate group, 34 strips were identified, with 26 strips containing the same microRNAs. MicroRNAs with differences have been previously reported (22) (23) (24) , which require further investigations in relation to the occurrence and development of AD.
The results of the RT-qPCR analysis showed that microRNA-222 was significantly decreased in the mild and moderate AD groups (P<0.05), which was consistent with the results of the microarray analysis and indicated that the downregulation of microRNA-222 may have induced the occurrence of AD. It is known that P27kipl is a cell cycle-dependent kinase inhibitor, which is involved in the occurrence and development of AD (27) . Wang et al (28) compared mice in an AD model with the age-matched normal mice, and found that the expression of microRNA-222 in the AD mice was downregulated, which was associated with an increase in the protein expression of p27kip1. Wang et al (28) demonstrated that microRNA-222 is involved in the pathogenesis of AD by affecting cell cycle dysfunction and the expression of p27kip1. Zhang et al (29) reported that, in samples with high expression levels of microRNA-222, low expression levels of p53 upregulated modulator of apoptosis (PUMA) were found in 81% of samples (P<0.001). In samples with downregulated expression of microRNA-222, a high expression level of PUMA was found in 79% of the samples. PUMA is a novel member of the B-cell lymphoma 2 (Bcl-2) family identified by Yu et al (30) in 2001. UMA-α and PUMA-β contain a BH3 domain and have been widely investigated; UMA-α and PUMA-β are important in the interaction between PUMA protein, other members of the Bcl-2 family and neuronal apoptosis (30) . Regulation of the gene expression of Bcl-2 may be involved in the pathogenesis of AD (31) . It has been shown that PUMA induces apoptosis through p53-dependent and -independent apoptotic pathways. These pathways ultimately induce the release of apoptotic signaling factors, including cytochrome c, through alterations in mitochondrial membrane potential. The activation of caspase-3 and -9 further mediates the apoptosis of cells, and the increased expression of caspase-3 and -9 induces the occurrence of AD. Ok and Martin (32) confirmed that APP cutting products are mediated by caspase-3, and Aβ is co-localized in AD senile plaques. Caspase-3 is important in regulating the production of Aβ with neurotoxicity and in the final apoptosis of AD neurons (28) . MicroRNA-222 is involved in the pathogenesis of AD and the level of microRNA-222 in the hippocampus is higher, compared with that in other regions (33) . In the present study, the results of the RT-qPCR analysis also revealed that serum microRNA-222 in the moderate AD group was significantly decreased, compared with the mild AD group (P<0.05), which, to the best of our knowledge, has not been reported previously. With the progression of AD, the expression of serum microRNA-222 was decreased in patients; however, further confirmation is required.
In conclusion, serum levels of microRNA-222 can indirectly reflect alterations in the expression of microRNA-222 in brain tissues; however, the mechanism underlying the decrease in its expression in serum of patients with AD warrants further investigation. The expression of microRNA-222 in patients with AD was significantly decreased, and this maybe a potential biomarker for the diagnosis of AD or serve as a therapeutic target.
